Objective: The objective was to evaluate the clinical behavior and
Introduction
Whether thyroid cancer behaves more aggressively in patients with Graves' disease is a matter of controversy. A number of studies have suggested increased aggressiveness of papillary thyroid cancer and follicular thyroid cancer in Graves' disease patients (1) (2) (3) (4) , and many investigators have strongly suggested that the thyroid-stimulating antibodies cause greater aggressiveness of thyroid malignancy.
Thyroid-stimulating hormone (TSH) plays a role in thyroid growth and normal functioning and is involved in thyroid organogenesis, cell differentiation, iodide uptake, and triiodothyronine secretion (5) . Thyroid nodules are common in patients with Graves' disease and raise concern about the possible presence of thyroid malignancy (6) . Moreover, the thyroid-stimulating antibodies in Graves' disease stimulate the growth of thyroid cancer. Some investigators have reported a correlation between thyroid cancers that relapse after thyroidectomy and a high level of circulating thyroid-stimulating antibodies (6, 7) .
Early detection of thyroid nodules has recently become possible by ultrasonography, and the increasing use of thyroid ultrasonography has revealed greater numbers of thyroid nodules that are not palpable. Small thyroid cancers are being discovered as incidental findings in Graves' disease patients (4, 8, 9) , and in some studies Graves' disease patients with a small thyroid cancer have been found to have a better outcome than patients with a small thyroid cancer manifested clinically (9, 10) .
Since 1994, we have included an ultrasonogram in the initial examination of all thyroid disease patients who consult our hospital. The indications for surgery in Graves' disease patients include side effects of antithyroid medication, inability to take medication, an unusually large diffuse goiter, and malignancy or suspicious cytological findings in fine-needle biopsy specimens. We have been selecting surgical treatment for Graves' disease patients with thyroid cancer and avoiding prolonged medical treatment.
In this study, we evaluated the tumor status and longterm outcome of papillary thyroid cancer in Graves' disease patients regardless of the tumor size. This study was conducted at our hospital, which specializes in the treatment of thyroid disease, and about 1500 thyroid operations are performed annually.
Patients and methods

Graves' disease patients
The diagnosis of Graves' disease was based on the classic criteria: hyperthyroidism with or without clinical ophthalmopathy, a diffuse homogeneous goiter on palpation, and the presence of TSH receptor antibody (TRAb) in the patient's serum. A scintiscan was performed on some patients as an additional examination to confirm the diagnosis of Graves' disease. During the period from 1994 to 2004, 32 200 Graves' disease patients were seen in our outpatient clinic. Thyroid ultrasonography was performed in all patients with Graves' disease, and this was followed by fineneedle aspiration biopsy whenever thyroid cancer was suspected. Graves' disease patients with thyroid cancer were referred for surgery.
Surgery was performed in 2356 Graves' disease patients, and 277 of them had thyroid nodules. The cytological diagnosis was thyroid cancer in 166 patients and a suspicion of thyroid cancer in 12 patients. The histological diagnosis was papillary thyroid cancer in 157 patients, follicular thyroid cancer in 8 patients, and medullary thyroid cancer in 1 patient. Total thyroidectomy with lymph node dissection was performed in 4 of the patients with papillary thyroid cancer, subtotal thyroidectomy with lymph node dissection in 130, lobectomy with lymph node dissection in 20, and lobectomy in 3. Histopathological examination of surgically resected thyroid glands resulted in the discovery of 48 papillary thyroid cancers. Three of the papillary thyroid cancer patients in this series were lost to follow-up.
Serum TRAb was measured by a binding inhibitory assay with a TRAb kit (RSR Limited, Cardiff, UK).
Euthyroid control group
The euthyroid control group consisted of 176 sex-, age-, and tumor size-matched papillary thyroid cancer patients who underwent surgery during the same period.
Postoperative follow-up
All patients were followed up postoperatively. Ultrasonography to detect residual disease in the thyroid gland and lymph node metastasis was routinely performed for 6-12 months after thyroidectomy. Regional lymph node metastasis was diagnosed by ultrasonography and cytodiagnosis. Patients with an elevated serum thyroglobulin level were examined for distant metastasis by diagnostic imaging; that is, radiography, computed tomography, or bone scan. The cause of death was determined by a review of the hospital records.
Statistical analysis
Statistical analysis was performed using Statistical Analysis System JMP software (SAS Institute, Cary, NC, USA). The log-rank test was used to evaluate differences among the groups. Analyses by the KaplanMeier method were performed with Statistical Analysis System JMP software.
Results
Incidental papillary thyroid cancers
Papillary thyroid cancer was diagnosed as an incidental finding in 48 Graves' disease patients who underwent thyroidectomy. The frequency of incidental papillary thyroid cancer in the Graves' disease patients was 2.0% (48 patients with incidental thyroid cancer out of 2356 patients who underwent surgery for Graves' disease). None of the cancers were suspected preoperatively, and they were diagnosed during the pathological examination. The patients' median age at the time of surgery was 32.0 years (range 17-68). The median tumor diameter was 3.0 mm (range 1.0-15.0). None of the patients were diagnosed with recurrence during the follow-up period. Four patients experienced a relapse of hyperthyroidism after surgery.
Status of papillary thyroid cancers
Papillary thyroid cancer was diagnosed preoperatively in 154 of the total Graves' disease patients. The characteristics and follow-up period of the Graves' disease patients with papillary thyroid cancer and the control group are summarized in Table 1 . The median age was 50.0 years in the Graves' disease group and 51.0 years in the euthyroid group (PZ0.3106). Histological examination revealed multifocality in 53 (34.4%) of the Graves' disease patients and lymph node metastasis in 69 (44.8%) of the Graves' disease patients. At the time of surgery, there was no significant difference in multifocality or lymph node metastasis status between the Graves' disease and euthyroid groups (PZ0.1672, 0.1431 respectively). Two patients (1.3%) in the Graves' disease group and three patients (1.7%) in the control group had lung metastasis at the time of surgery (PZ0.7633).
Serum TRAb was measured in the Graves' disease group before medical treatment and was detected in every patient. There was an inverse correlation between the TRAb values and tumor size (rZK0.195, PZ0.0159; Fig. 1 ). The mean TRAb value was 24.9% (normal range, !10%) in the patients with multifocality, and 33.0% in the patients without multifocality (PZ0.061; Fig. 2A ). The mean TRAb value was 25.4% in the patients with lymph node metastasis and 26.7% in the patients without lymph node metastasis (PZ0.779; Fig. 2B ). There were no significant correlations between the presence of locoregional metastasis and the TRAb values.
Outcome
The outcome of the 154 Graves' disease patients with papillary thyroid cancer was compared with that of the 176 matched euthyroid patients with papillary thyroid cancer. The follow-up period ranged between 10.6 and 120.0 months (median 50.4) in the Graves' disease group and between 6.5 and 120.0 months (median 53.6) in the euthyroid group, and was very similar in the two groups (PZ0.4008). Table 2 shows the occurrence of distant and locoregional lymph node metastasis. During the follow-up period, one new case (0.6%) of distant metastasis was observed in the Graves' disease group, and four new cases (2.3%) were observed in the euthyroid group (PZ0.2284). At the end of the follow-up period, persistent distant metastasis was found in two Graves' disease patients and six euthyroid patients (PZ0.2137). Distant metastasis was the cause of death in one Graves' disease patient and two euthyroid patients (PZ0.925). The TRAb value of the Graves' patient who had a recurrence of thyroid cancer in the form of distant metastasis was 95.2%. Five Graves' disease patients (3.2%) and fourteen euthyroid patients (8.0%) experienced a relapse of cervical lymph node metastasis (PZ0.1518). Two of the Graves' disease patients had an immunologic remission before they developed lymph node metastasis. One new case (0.6%) of cervical lymph node metastasis was observed in the Graves' disease group and four new cases (2.3%) were observed in the euthyroid group (PZ0.1773). All of the patients with lymph node metastasis underwent metastatic lymph node dissection and remained disease-free until the final follow-up examination.
Seven Graves' disease patients with papillary thyroid cancer experienced a relapse of hyperthyroidism, but none of them developed thyroid cancer metastasis despite being positive for TRAb.
Disease-free survival
The disease-free survival rate of the patients who underwent thyroid surgery is shown in Fig 3. Microcarcinoma tends to have a good prognosis in Graves' disease patients. The differences in survival rate between the Graves' disease and euthyroid groups with microcarcinoma was not statistically significant (Fig 3A; PZ0.1118) . The difference in disease-free survival rate between the Graves' disease and euthyroid patients with thyroid cancer more than 1 cm also was not statistically significant ( Fig. 3B ; PZ0.7329).
Discussion
Ultrasonography during the initial examination allowed identification of small cancers in the thyroid gland. It was possible that thyroid cancers were found at an earlier stage in Graves' disease patients. The patients who consulted our outpatients clinic with a complaint of a thyroid nodule during the same period as this study were older than the Graves' disease patients. Tumor size in the patients with a thyroid nodule was larger than in the Graves' disease patients (data not shown). The multifocality, lymph node metastasis, and distant metastasis status of the thyroid cancer patients, who also had Graves' disease, was similar to that of the euthyroid patients. Some investigators have reported The disease-free survival rate of the patients with papillary thyroid cancer larger than 1 cm in the Graves' disease group (nZ64, dotted line) was not statistically different from that in the control group (nZ87, bold line; PZ0.7329, log-rank test).
finding multifocality and distant metastasis of thyroid cancer more frequently in Graves' disease patients than in euthyroid patients (1, 4) . The discrepancies may be attributable to differences in the genetic background and/or iodine intake as an environmental factor (11) .
High serum levels of thyroid-stimulating antibody have been reported to stimulate the growth of thyroid cancer metastasis (6) . In this study, the TRAb values were not correlated with the multifocality or lymph node metastasis status of thyroid cancer. The TRAb values and tumor size were inversely correlated. The autoimmune process of Graves' disease may affect the clinical evolution of thyroid cancer by altering host immune responses. Immunologic remission can be achieved by surgery (12) and during antithyroid drug therapy (13) . In this study, the patients who had an immunologic remission of Graves' disease developed cancer metastasis. Other Graves' disease patients who had continuously high serum TRAb levels did not develop cancer metastasis during the follow-up period, even though they relapsed into hyperthyroidism. Papillary thyroid cancer occurs regardless of the achievement of immunologic remission.
The difference between the disease-free survival rate during the follow-up period of the Graves' disease patients and euthyroid patients with papillary thyroid cancer was not significant. The presence of concomitant thyroid cancer is regarded as a factor for choosing a surgical treatment. We suggest that Graves' disease patients should undergo a detailed thyroid gland examination by ultrasonography. We do not have any indication that additional surgery or radioiodine therapy would have been useful in our patients with incidental papillary thyroid cancer. We concluded that the outcome of Graves' disease patients with papillary thyroid cancer is similar to that of euthyroid patients with papillary thyroid cancer.
